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Abstract 
The situation of product development today is characterized by numerous methodologies that are supposed to facilitate a fast, 
costs-efficient procedure. Frequently these methodologies compete with each other instead of complementing one another. 
Therefore, at IKT a generic frame model was developed which allows creating a metamethodology of product development on 
basis of philosophies describing technique. In this way the integration of different, up to now rival design methodologies is 
achieved for the first time so that for every problem situation in product development the most suitable methodology can be 
selected. 
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1. Introduction 
During the last years numerous methodologies that are supposed to make product development processes (PDP) 
more quickly, more costs-efficiently and qualitatively better were suggested. Main representatives of these 
methodologies are both Systematic Engineering Design (SED) developed in Germany and Theory of Inventive 
Problem Solving (TRIZ/TIPS) coming from the former USSR  [1]  [2]. Although all methodologies strive for the 
same purpose, successful product development, they frequently are represented by their representatives as unique 
and superior to other methodologies. On closer examination, it becomes noticeable, however, that every 
methodology always focuses only on a core region, not on the entire product development process. Thus, they are 
not holistic tools for engineers. 
Therefore a way how the union of different product development methodologies can occur in a common 
metamethodology is supposed to be shown here. It is the objective to be able to offer engineers a work environment 
in which they can select the most suitable method for the present problem, independent of which methodology the 
method comes from. 
In the past different efforts were undertaken, to unite methodologies with each other. So it was attempted in the 
1990th to merge SED and TRIZ with each other  [2]  [4]  [5]. Until today these efforts did not achieve any long-term 
success. A reason for that can be presumed in the restricted view during the fusion of the methodologies since this 
occurred frequently from the perspective of the methodologies themselves without considering their basic structures. 
1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.03.140
Procedia Engineering  9 (2011) 538–544
© 2011 Published  l evier Ltd.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Jörg Feldhusen and Ingo Schulz / Procedia Engineering  9 (2011) 538–544 539
Therefore no general point of view was discovered from which the scientific basics and the interfaces between 
methodologies could be defined. The approach described in the following solves this central problem. 
2. Methodologies for product development 
In the following there will be described the two methodologies, which are considered in this paper. Other 
methodologies considered in this approach are e. g. Quality Function Deployment (QFD) or Axiomatic Design (AD) 
 [6]  [7]. 
Systematic Engineering Design (SED) 
Since the middle of the 19th century German scientists tried to describe the creative process of product 
development. Since the 1950ths a systems engineering oriented discipline called Systematic Engineering Design has 
been established  [1]. SED follows a well elaborated procedure for product development, supported by many 
methods for each work step. One mayor shortcoming of SED is that it does not provide methods to solve 
contradictions. 
Theory of Inventive Problems Solving (TIPS/TRIZ) 
In the 1940ths Genrich Altshuller founded the Theory of Inventive Problems Solving in the USSR  [2]. Based on 
large surveys of patents he created several methods, which guide engineers through situations, where a contradiction 
seems to stop the development process. 
3. philosophies describing „technique“ 
In order to merge product development methodologies with each other, the basic procedures of product 
development can be identified on the level of philosophy describing “technique” (cp. Figure 1). On this basis a 
metamethodology that shows the essential components of all current methodologies can be developed. 
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Figure 1: Relations between the levels of Philosophy, Methodology and Practice 
 
Via the step onto the level of philosophy it is possible to identify the basic description elements of „technology” 
independently of being imprinted by education and prejudices of competing methodologies. A standardized 
technique-philosophical draft for technology description offers in this way the unique chance to develop an in fact 
integrated methodology. 
Two essential scientific basics of product development can be identified: systems theory and dialectics  [8]  [9]. 
Both philosophies are used to explain „technology” in general. Therefore the authors propose to draft up a new 
procedure, being based both on systems theory and dialectics. Through that it becomes possible to unite existing 
oppositional product development methodologies in one metamethodology. 
3.1. Systems theory 
Systems theory is an analytical philosophy for representation of systems, for example social, biological or 
technical ones. It is the objective of this interdisciplinary philosophy to provide tools for the description of these 
systems and their relations. According to Ropohl the three aspects of hierarchy, function and structure can be 
differentiated  [8]. By means of abstraction systems theory attempts to reduce the complexity of the world to make it 
ascertainable and transparent. Representatives of system-theoretically methodologies are for example SED. 
Basically all methodologies show components of systems theory, e. g. TRIZ, too. 
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Contrary to systems theory dialectics takes a totality perspective that considers the complexity of the world as a 
whole instead of reducing it by abstraction  [10]. In addition dialectics attempts to explain the development of the 
world via contradictions. These contradictions are formulated by the thesis and their negation, the antithesis. The 
contradiction is solved by the negation of the negation, the synthesis, so that a new quality is reached. In this way 
the world has enhanced and a new contradiction which leads to the next stage of development can be formulated  [9]. 
Dialectics is represented especially by TRIZ, what makes this methodology unique among other product 
development methodologies. 
3.3. Relationship between those methodologies 
In literature TRIZ frequently is ignored by SED, at least not incorporated in its method framework. Thiel reports 
about representatives of SED refusing the contradiction as a mistake in the setting of a task  [11]. TRIZ on the other 
hand often accentuates its superiority for product development, without paying attention to the procedures of other 
methodologies like SED (cf.  [12]). 
This unsatisfactory situation can be explained by a basic misunderstanding about the concept „contradiction”. 
SED denies the contradiction, for example negative functions are mostly not intended. TRIZ on the other hand uses 
especially the contradiction as a source for innovations. However, both methodologies talk about two different 
interpretations of the contradiction. While SED is meaning the logical contradiction, TRIZ considers the dialectic 
one. According to Wandschneider such contradiction is characterized by two levels  [13]: 
1. Pragmatic level: Related to action 
2. Semantic level: Related to meaning 
Because of the appearance of the contradiction on two different levels its conclusion oscillates between “true” 
and “false”. Thus on the pragmatic level the contradiction can first be “true”, but from another point of view, on the 
semantic level, it can be “false”, so that there is no contradiction. TRIZ puts strong importance on the fact, that it is 
necessary to look at the problem from different points of view. In contrast SED only knows the “real”, logical 
contradiction, which is not solvable even from another point of view. Therefore SED limits itself needlessly. It is 
interesting that systems theory in general seems to have a blind spot on contradictions. 
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Figure 2: Generic Model of Product Development 
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4. A framework to merge system theoretical and dialectical methodologies 
The procedure of creating a metamethodology, which integrates SED and TRIZ as well as other system 
theoretical and dialectical methodologies, follows three steps: 
1. Merging fundamental characteristics of system theory and dialectics in a common generic model. This 
model can be used as a template for specific situations of product development. 
2. Using the generic model and under consideration of the socio-technical model of systems theory and 
existing products the product model is created. This model is an abstraction of the real product, so that it 
becomes visible, which aspects of the product have to be considered for modeling the product 
development process properly. 
3. The third step is detailing the identified aspects of the product, e. g. the process of product development. 
Again the generic model is the basis to describe these aspects. 
For creating the metamethodology the principles of the philosophies describing technique themselves can be 
used. Obviously the system of systems theory shows shortcomings on the level of methodology and practice of 
product development. This circumstance refers to the fact, that the definition of the system is not comprehensive 
enough and has to be complemented by components of its surrounding, which is its supersystem. In the surrounding 
of systems theory dialectics is contained so that it can be checked whether parts of it can enrich systems theory. 
Apparently also dialectics has to overcome shortcomings in methodology and practice. According to its own 
principles this is possible by a synthesis. This synthesis can be formed by the two parts „systems theory“ and 
„dialectics“ that at least are in the perception of practice and methodology of product development in apparent 
contradiction to each other. 
4.1. Generic model of product development 
In order to solve this „contradiction“ between the system-theoretical and the dialectic methodologies, a generic 
model of the product development process was developed at IKT, that unites both philosophies in a synthesis 
(Figure 2). This model can be used to represent all aspects of technical systems. 
The generic model consists of unambiguously separated systems, which are in a hierarchical relationship to each 
other, show a certain behavior and interact through relations. While these components come from systems theory, 
dialectics adds the possibility to assign different qualities to relations. These relation qualities are e. g. „positive“, 
„neutral“ and „negative“. When between any two systems a negative relation is produced, these systems are 
determined as thesis and antithesis, which require a synthesis to solve this conflict. Finally this synthesis is the 
technical system which unites the inconsistent aspects in itself. 
In addition the „entanglement” is added to the generic model, which expresses a causal dependency between 
systems. Within an entanglement the existence of a system requires always the existence of a further system.General 
Product Model 
The generic model forms the basis for a general product model that describes a technical system by three partial 
models „process”, „product data” and „organization” (Figure 3). 
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Figure 3: General Product Model 
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The product model is a simplified representation of the real system „product”. The organization model shows the 
resources that are available for product development, for example the departments and employees of the enterprise 
as well as the project management. The product data model contains all data which describe the technical system 
and which are produced by using of process model. The process model is the central component of the product 
model, which shows the product development process in the form of a metamethodology. 
4.2. Processmodel as description of the metamethodology 
The procedure of the product development is mapped in the process model, which follows a five-stage process. 
This process derived from the analysis of different development methodologies, amongst others SED and TRIZ 
(Figure 4). The process begins with the function-oriented modularization of the product in the module model and 
leads to the specification model with the documentation of needs, requirements and the creation of evaluation 
criteria. It follows the function model as well as the principle model up to the definition of manufacturing-oriented 
modules in the draft model. In addition the work steps of evaluation and assessment of different variants of the 
elaborated product data have to be considered. 
An essential component of the process model is the „entanglement”. Parts of the process model are connected 
with each other, e. g. the purpose which expresses the intention of the human being as a teleological function, and 
the primary function which represents a descriptive function of the technical system  [8]. Through that it is 
immediately possible to convert the abstract description of the purpose into a concrete function of the technical 
system. 
In the same way the entanglement allows the definition of the principle solution which connects the functional 
and principle model from the two components. By the entanglement a principle exists automatically, if a function is 
produced and vice versa. Only both models together are able to completely represent a technical system. The 
“entangled” model of the principle solution unites the functional structure and principle solution of SED, the 
structure model of technological basic processes and the Substance-Field-Model of TRIZ  [1]  [2]. 
4.3. Application of the Metamethodology 
Each of the work steps is used for producing data of the product data model. For that engineers can choose from 
methods of different methodologies. Because the generic model as well as the process model are intersections of 
philosophies and methodologies, respectively, to describe “technique” and the product development process, 
engineers are free to chose, which method is best for the individual situation. 
A requirement for example can be established in the work step „specification” with the aid of the checklist for 
requirements according to Pahl & Beitz or the 9-window-method of TRIZ  [1]  [2]. Both methods produce the same 
requirement object so that this is visible and workable within both methods. The only difference is that with the 
method of the guideline a connotation „main heading” is defined while this is remaining unconsidered in the case of 
the 9-window-method. Instead a connotation is defined which relates the requirement e. g. to the future of a 
supersystem of the product. Independent of the origin method the requirement can be viewed and checked for 
completeness with other methods. In addition this procedure can lead to undiscovered requirements. 
The purpose of the presented metamethodology is not to substitute the mentioned product development 
methodologies. Rather it should give them a framework, in which the methodologies can be used as before, but with 
the possibility to change the methodology if the circumstances demand this. Furthermore the metamethodology 
should show the gaps in each methodology, which can be filled by procedures of other methodologies. Maybe in 
future all these methodologies will converge to only one. It becomes clear that an essential challenge consists in 
visualizing the data and its complex dependencies. For that IKT develops a Computer Aided Product Development 
Software (CAPD), which bases on the general product model  [14]. 
5. Conclusions & further work 
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With the generic model of product development a general model was developed, that integrate both system-
theoretical and dialectical product development methodologies. For the first time a fundament is created to unite up 
to now rival methodologies in one metamethodology so that for every problem the most suitable method can be 
selected. Through the foundation on a homogeneous product model it is guaranteed that product data which were 
created with a method e. g. of TRIZ can be reused by methods of SED. 
In future the software developed at the IKT is supposed to be broadened by further components as for example 
cost and project management, but also context sensitive knowledge management  [15]. Because of the consistent 
foundation of the software on the principles of systems theory and dialectics it forms a flexible platform for the 
processing of general technical problems. 
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Figure 4: Process Model of the Metamethodology 
